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Introduction 

T| he Rainbow Dynamic Dissolution Monitor™ 
uses 12 fiber optic immersion probes resid- 
ing m vessels of two dissolution baths 
throughout the dissolution test Two deuteri- 

inT £ P i arS USed as a light source - interact- 
^" am P ,e ' the "9^ « g^ded to a series 
on 2 photo diode array ultraviolet monolithic 
miniature spectrometers (UV MMS,Carl Zeiss, Jena 
Germany) f 1 J which measure from 200 to 40o nm 
with an absolute wavelength accuracy of 0.2 nm 
and a temperature drift less than 0.005 nm/K.The 

SS? ^1 T*" 9 " 0 8 nm ' 9 ivin 9 * Rayleigh 
resolution of about 3 nm. Stray light measured at 
240 nm u»ng a deuterium lamp and potassium 
.odKJesolution(10 g /L)i 5 03% f2]. Each spectrom- 
eter unit and its probe are referred 
to as a channel. 

Before performing a dissolution run, the system 
collects 0%and10o%transmissfon blanks and 

fmn^ Sr***?"? SCans P er «ha"nel.Hence the 
amount of dissolved active compound is deter- 
ged with a single point calibration. To eliminate 
standard preparation errors, a second quality con- 
trol standard is measured for control purposes 
only. During a run, the system can acquire 
absorbance scans every 10 seconds.The software 
incorporates two methods to correct for turbidity 
and scattering effects.The first method uses two 
wavelengths: one to determine the active com- 
pound, the other to act as a compensation wave- 
length.The second method is based on a second 
der.vat.ve algorithm using a wavelength range m 
It uses a very simple algorithm to estimate th sec- 
ond derivative and a form of co-addition of several 
wavelengths to improve the signal to noise ratio 
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Experimental 

R»teL the ^ periments were Performed using the 
Rainbow Dynamic Dissolution Monitor™ with 
10 1 mm pathlength Hellma ultra mini-immersion 
probes, (type 661 .673-UV, Hellma GmbH & Co., 
Mullheim/Baden, Germany) to acquire UV 
measurements. Only six channels/probes were 

us.ngonescanpermeasu.ment 

System suitability 

Suability was assessed in terms of fiber optic 
unit transmission and the linear range of the spec- 
troscopic assembly. PK 

Transmission 

of I^r re, T' V ? ener9y ° f 1 000/6 trans "T"ion spectra 
of artrficial .ntestmal fluid pH 7.5 (reference 

iC!!^ la, ? tTab,ets Section, page 10,forfluid 
compos,t l on) Avas plotted against wavelength as a ' 
measure of channel and probe transmission 

Linear range 

JUl llnear ra !! 9e ° f a " Six ev ^*ed channels was 
tested us.ng a dilution series of potassium dichro- 
mate (spectroscopy grade,Fluka Chemie AG Buchs 

^w^fJT 1 NSU ' fUriC fldd « Astocksot' 
tion was diluted to concentrations giving 

absorbance values ranging from 0.2 to 2.0. Based 
on the absorbance spectrum of potassium dichro- 
mateino.01 N sulfuric acid, absorbance was 
measured at 258 nm. 

abt C ^ ,ati0r I COe f cierit was calculated using the 
absorbanc valuesfrom the two weakest standard 
solut IO ns;th e sameprocesswasrep atedfor 
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Rainbow Dynamic Dissolution Monitor™ ...continued 



increasing strengths of standard solutions to deter- 
™ * e up P er end Absorbance linearity (taken 
as 99.9% correlation with prediction). 

Anticoagulant tablets 

"Hie Rainbow Dynamic Dissolution Monitor™ was 
evaluated using anticoagulant tablets containing 3 
mg of active compound.com starch white, lactose 
powder, magnesium stearate,and talc 

in routine dissolution analysis,the anticoagulant 
tablets i are i dissolved in 900 mL of artificial intestinal 
fluid pH7.5 (comprised of 80.5g anhydrous dipotas- 
swrnl hydrogen phosphate and 1 5.6 g of potassium 
dfhydrogen phosphate dihydrate in 10 liters of 
distilled water).stirred at 50 rpm in apparatus 2 (41 
The medium is degassed and heated to 37.0 ±0.5 °C 
The 20-minute Q value used for release analysis is 

/!>% [5j. 

Linearity of absorbance readings 

Jo identify a suitable detection wavelength, tripli- 
cate absorbance spectra were acquired of solutions 
equivalent to 25,50,75, 1 00,and 1 25% of active 

compound dissolved in artificial intestinalfluid pH 
7.5, with approximate concentrations of 0.00083 

0.00167,0.00250,0.00333,and0.00417mg/mL 
respectively.The resulting correlation coefficient 
was plotted against wavelength. 



Linearity of compensation methods 

Based on the absorbance and second derivative 
spectrum ofactive compound in artificial intestinal 
flu,d P H 7.5 determined in an earlier experiments 

Imeantyofthreediflrerentturbidftycompensatic 
methods was investigated (Table 1 ). 



tion 



Table 1: Three different turbidity compensation methods. 



JVIethod Type of S pect mm u ^ Wavelength, Tn^T 

1 Absorbance 310 (detection) 



Absorbance 
Second derivative 



350 (compensation) 
310 (deteaion) 
376 (compensation) 
300 to 320 



*n ?« ^ J™* evaluate < : ' ^ t"Plicate using 25, 
50,75 100,and 1 25%solutions ofactive compound 
dissolved m artificial intestinal fluid pH 7.5 with 
approximat concentrations of 0.00083,0 001 67 

and using dear medium as well as medium 
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containing a concentration of placebo powder 
equivalent to one 1 30.0 mg tablet dissolved in 900 
mL artificial intestinal fluid pH 7.5. 

The validation of analytical methods (VoAM) 
program, version 3.0 [6], was used, with the 
following acceptance criteria [7, 8): correlation coef- 
ficient > 0.99; y intercept within the 95% confi- 
de»«'ntervalof2%ofthe re ferencexvalue(100% 
°Sh^ COm P°«nd); precision,expressed 
asthestandarddevjatlon of relative repeatability 

MCh Set 0f triplicate data a 5 one group)! 
< 2.00% assuming data and mean recovery 
between 98.00 and 1 02.00%. 

Comparison of turbidity compensation methods 

Six absorbance readings ofactive compound 
solution in artificial intestinal fluid pH 7.5 before 
and after addition of placebo powder were 
acqu,red in triplicate to compare the accuracy 
^ de ffi«cy of the three turbidity compensation 
methods, using 100% solutions ofactive 
compound (approximately 0.00333 mg/mL) 

sJr£>°. AM 30 ? r ° 9ram f61 WaS used t0 determine 
stat.st.cal equ.valence, with the following accep- 
tance criterion: the 95% confidence interval of 
the mean of the test method had to lie entirely 
within 2.00% eithersideof the mean of the refer- 
ence method. 



Robustness of the turbidity compensation 
methods 

i ™ absorbance measurements were acquired at 
1 2 different positions (hence different bending 
radii) of the fiberoptic immersion probes and 

m\i e ^° te l tther0bUrtneSSofeachcom P«^tion 
method w.th .respect to obligatory movement by 
the fiber opt,c immersion probes during the perfor- 
mance of a dissolution run.This experiment was 
performed using artificial intestinal fluid pH 7.5 
containing active compound at approximately 

; mL ' e< '^valenttotheextentofdissolu- 

Method comparison 

The two turbidity compensation wavelength 
methods were compared in dissolution runs using a 
dissolut.onbathfDistekPremiereSlOO^isteklnc: 
NorthBrunswic^USAJandthreelotsofanticoagu- • 
lant tablets (s.x tablets per lot). Active compound 
release was quantified at 20 minutes using the two 

turbidity compensation methods and the corre- 
sponding reference m thods.With the refer nee 

methods,a20mLaliquotwasmanuallyremov d ' 
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from each vessel and membran -filtered (0.45um 
pores^GelmanAcrodiscproductno^ge.Pall 
Gelman Sciences,Ann Arbor,USA) [SJ.Single point 
cal.brat.on was used for quantification on a diode 
array spect rometer( H P8452A/Ai|entTech e 

v 5 on I T ehn 9* use < with the Rainbow 
Dynamic Dissolution Monitor™* 

of !Tr^' enC !^ S def?ned 35 3 maxi,Tlum deviation 
of ±2.0% pertabletwith post-calculation rounding. 

Results 

System suitability 

s,on and system (.near range is given below. 
Transmission 

pl ?l of „ re, ! tive prebe ener 9y in 

intestinal flu.d pH 7.5 (Figure 1) shows values 
exceeding 30% from about 230 to 390 nm. Hence 

^£r" n9eissutab,ef ° rmeasu ^ 

Linear range 

The spectrum of potassium dichromate in 0 01 N 
suHune acid shows an absorbance maximum at 258 
nm being used to eva/uate linear rang e .Table 2 
gives the upper limits of the linear ranges examined 

Mfl ™ aS i UT ?, dichromate in ° 01 N sulfuric add at 
258 nm with all six probes (channels) 

Since probes 4 to 6 showed values of 1.5 AU the 
lots aJ. 96 ° f ^ Wh ° ,e ^ a,S ° had to be 

Anticoagulant tablets 

Linearity of the absorbance readings 

figure 2 plots the correlation coefficient against 
wavelength with active compound dissolved In 
artificial intestinal fluid P H 7.5 (25-125% solutions 
^ a , P . Pr ° Ximate con< *ntrations of 0.00083- 
0.0041 7 mg/mL).The active compound absorbance 
spectrum in this figure Indicates decreases in 
absorbance at 260 and 340 nm, arising from a 
decrease in system linearity owing to a decrease in 
system signal to noise ratio.The further slight 
decrease near 220 nm arises from the reduced 
energy available in the shortwave 
uV region. 

220 It n that the Wh ° le wave 'ength range from 
220 to 340 nm .s suitable for method development 

Unearity of turbidity compensation methods 

F'gure3 (page 12) shows the UV absorbance 
spectrum of active compound and its stimate of 



the second derivative used in the Rainbow 
Dynamic Dissolution Monitor™- software 

Basedon the absorbance spectrum with a 
maximum at 31 0 nm,two turbidity compensation 

m ^susingthe P eakwa^,enXXm^en- 
satior , wavelengths of 3S0and 37? nm respeSSy 
were chosen The 300-320 n m range was used in 
the case ofthe second derivative 
Table 3 (page 12) giv es the relevant statistical 

M ~ 
M 




Probe 



1 
2 
3 
4 
5 
6 



Upper limit of linear range 
tgbsorbance units (AU)] 
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Rainbow Dynamic Dissolution Monitor™ ...continued 




Z Abs ° rb< > n «sP«*™m of oalv« compound ot a concen- 

Rainbow Dynamic Dissolution Monitor™ 



Table 3 



inirdi h tt CaSe0ftheC,earS0 ' Uti0nSa|, P aram ^wer e 
ms.de the acceptance limits/There were no significant 

« (P = 95%) m6thod validatio "- HoMveTcon. 
t ons of relatlve repeatabi|jty and « 
h gher,w.th the second derivative method {Method 3) than 
aTd^T*^^ 

wa ; e,e^^ 

When performing the same method validation exoeri- 
EST"!* ? acebo - s P iked *>lutions.th ere S P 
bubbles ,n the measurement compartments of probes 1 

beseenrnFigure^mcontrasttothewavelength-indepen- 



— /n ngure4,in contrast to the wavelengtl 

f/?e expenment; shading: value outside the acceptance Zh. " ™«ur*me/)f **,oW cfof/** 



Parameter 

r 

SDref|%] 
Intercept 
recovery (%J 



Probe 1 

0.99999 
0.15 
+ 

100.16 



0,99999 
0.13 
+ 

100.01 



Prob« 3 

0.99999 
0.15 
+ 

100.13 



Probe 4 

0.99994 
0.14 
+ 

100.26 



.Parame ter 

r 

50relf%] 
intercept 
recovery [%] 



Probe 1 

0-99999 
0.14 
+ 

100.12 



~ 2<3l0a.,d3V6 nm): deer seizor* 

-Sf *°*LL 

+ + 

100.02 qoflo + 



Probes 

0.99977 
0.16 
+ 

101.03 



Probes 

0.99997 
0.12 
+ 

100.04 



Parameter 

r 

SDrelf%] 
Intercept 
recovery [%] 



Parameter 

r 

SDrel [%] 
intercept 
recovery f%] 



SDn?l[9(.] 
intercept 
recovery f%] 



Probe 1 

0.99998 
0.22 
+ 

101.45 



Prober* 

0.99846 




Parameter 

r 

SDref C%J 
fntercept 
recovery [96J 



~~ 055579 " Z?Jl grgfeaj; 

oT 

O- 21 0.28 



^ ^ ,^4« 

j ^ it i l y IU dii^ twm3WIO ,^ p[ ^ 

^9^2 099966 S^H : i!Sbg*L 

°f *■» °0 9 42° 

100.79 



Probe 6 

0.99983 
0.23 
+■ 

99.90 



, ;96.93 



Probe 6 

0.99978 
0.24 
+ 

99.47 



ProbeS 

0.99927 
0.38 
+ 

100.89 
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Probe 6 

0.99988 
0.26 
+ 

10047 
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Rainb w Dynamic Dissolution Monitor™. ... 



continued 



bubbles havea wavelength-dependent impaa on 
SrJSS ^: ne ° W ' n 95 thewa ^'ength dependency 
of refraction and d.ffraction.This explains why in 

Methc>d ^where the compensation waveteng n 

Method2on the otherhand, where thecom^nsa- 
non v^velength isfurtherfrom the analytical wavl 

1and4fai,edth ^^ P tancecrit e rr a . 

SS3Sr ato9 this the most robust method 

fo-oS there r renos '9"!fi«nt differences 
<P - 95%) m method validation, the second deriva- 

dard deviation of relative repeatability 

Based on the validation acceptance criteria for 
Si ^ 1ValenCetherewerenosi 9"incant 

forturbidity compensation.But as can be seen from 
Rgurea which shows the mean concents 7 
six measurements with theirstandard deviations as 

SS. b " 5 ? r , the three methods b** «S5 

addrt.on of placebo powder,the two-wavelength 

SSh" h ^ h ° dS (meth0ds 1 and * 
smallerstandard deviation than thesecond deriva- 

t/ve method (method 3) and show less probe S 

^LT' ati0 u Hencemethods 1 «nd2aremore 
rugged from this standpoint. 

th^H^^T 5 are hi9her ^re thanafter 
theaddrtion of placebo powder, all three turbidity 
compensation methods overcompensate. Although 



the differences are not significant (p = 95%) for 

a^^'^'^^^^eendear 
and turbid solutions are smallest when using the 

waving 

teSnl u 9 a PP roxima «ng to the analytical wave 
ength.Hencemethod 1 is most suitable in termstf 
theaccuracyofturbiditycorrection. 

R TaSSr of *«*idity compensatfon methods 

method difference, expressed as the relative SD, 
was nots/gmficant (p= 95 %) in method validation 

All three methods are therefore equivalent in term; 
of the robustness of moving fiber optic probes 

Method comparison 

Jnn Z tSfS! ^ met the acc eptance criteria 
using method 7 and 2 (Table 5, page 1 6). Both 

Dvn a °. r e8 , CCUratereSU ' tSOntheRa i"bow 
Dynamic Dissolution Monitor*". 

Benefit analysis 

Tabled presents the results of a benefit analysis 
companngthe Rainbow Dynamic Dissolution 

amoun? ^r^hcuvettestodeterminethe 
amountofdissolvedactivecompoundintermsof 
the following parameters: laboratory work,valida- 

andrM^ 

R^n? r; 0mp '' anCeThetota ' s<:oress how that the 
RambowDynamicDissolution Monitor** outper 

™ 3 semi - aut °matic filtering and flow-through 




rv*ea 



JsasffisaKwa-sPr^ 



turbidity. 
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Rainbow Dynamic Dissolution Monitor™ ...continued 



^.^"i^ than with conventional system 



Laboratory work 

Laboratory workload,^ terms of preparing the 

oath and standards^ similar with both systems ci^o rh* 1 »/««m 

During operation, no more hardware problems are ° Pt,C ,mme ™ 0ri P^t>es and related 

to be expectedwith the Rainbow Dyn am^X mechan,cs are ^'te robust [9J. 

TabJe4 Relative standard deviations (SD raf ) of two 



measurements in 12 positions per method 



0.16 



Wethodir310and350nm) 
. Probe 2 Probe 3 



0.14 



0.71 



Probe 4 



0.Q8 



PrcbeS 



0.09 



Probe 6 



o.oa 



0.20 



Methpd2(310aiid376nm) 
P™*>*2 Probe 3 



0.79 



0.14 



Probe 4 



0.10 



Probes 



o.n 



Probes 



aio 



SDrel[%J- 



Probe 1__ 



ai4 



0.16 



0.16 



0.12 



ProbeS 



0.11 



Probe 6 



0.16 



1 and2. 



Tables Amounts (%) of dissolved active 

With the Hewlett 
differences do no 
before rounding. 



differences do not quite match the percentages in the re^!^ calculated 
^-'^ F enxa W"»e results column due to the calculation being performed 



tot 1 
Tablet 


Method 1 (310 and 350 nm) 
HE. Rainbow Diffenmr 


7 


98.6 


97.7 


-0.9 


2 


100.3 


96.5 


-1.8 


3 


98.9 


97.3 


-1.6 


4 


101.0 


99.0 


-1.9 


5 


99.3 


97,6 


-1.8 


6 


94.9 


95.8 


-0.9 



Method 2 (310 and 376 nm) 
J1E Rainbow 



98.4 
100.4 
98.9 
100.6 
99.0 
95.5 



Difference I 



98.4 
99,0 
97.9 
99.0 
97.6 
94.9 



Lot 2 
Tablet 



-0.1 
-1.4 
-1.0 
-1.6 
-1.4 
-0.7 



1 

2 
3 
4 
5 
6 



Method 1 (310 and 350 nm) 

HP Rainbow Difference 



95.6 
95.6 
95.8 
99.0 
100.2 
101.7 



96.0 
94.3 
94.4 
97.7 
98.7 
99.8 



0.4 
-1.3 
-1.4 
-13 
-1,5 
-1.9 



Method 2 (310 and 376 nm) 
HP Rainbow Difference I 



95.7 
95.6 
95.9 
99.0 
99.8 
101.4 



96.0 
94.3 
94.4 
97.7 
98.7 
99,8 



Lot 3 
^Tablet 



1 
2 
3 
4 
5 
6 



Method 1 (310 and 350 nm) 

^ Rainbow Difference 



0.2 
-1.3 
-1.5 
-1.4 
-1.1 
-1.5 



96.2 
101.5 
99.7 
98.4 
100.6 
98.9 



95.3 
99.6 
98.0 
97.1 
98.7 
98.4 
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-0.8 
-1.9 
-1.7 
-1.3 
-1.9 
-0.5 



Method i (310 and 376 nmf 
Rainbow Difference 

96.4 96i1 



101.9 
99.7 
98.6 
100.9 
100.1 



100.0 

98.3 

97.5 

98.9 

98.9 



-0.3 
-1.9 
-1.4 
-1.1 
-2.0 
-1.2 
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Qualification burden 

Since the Rainbow Dynamic Dissolution 

^ O mnr inC T P0rateSnofi,trati0n ^ilhyor»iquid 
pump, the,* , s less equipment to qualify.Tne UV 
detectors are also simpler to qualify than spectrom 
eters used for UV/VIS precision measured Eft oT 

Maintenance 

eJir? inbOW P ynamiC Disso,u «on Monitor « 
rhrZ !' ntain / nd,esslabor - inte "«vedueto 
the ehmmauon of sample removal andfiltration 



more precise and accurate, especially for non^i 5in 

tegrat,ng formulations where the me'dium s^ 
tZSEZ form r' ations 9 M "9 a background * 
resultmg ,n a slop.ng offset the second derivative 



Analytical information 

The Rainbow Dynamic Dissolution Monitor*" can 
upplya data point every 10 seconds, giving °dis£- 
lunon profiles containing a lot of info mS* aUo 
el,m,nates problems due to dead volume/ Ze 
differences between sampling and measuring,and 
filterclogg,ng,| ea dingto greater accuracy. 

GMP compliance 

Both systems are GMP compliant. 

Conclusions 

The analytical results confirm that the Rainbow 

Dynam,cDissolutionMonitor-icanb e usedto 
measure dissolution by methods which meet the 
acceptance criteria for linearity,accuracy precision 
^reproducibility stipulated^ c2SS2S? 
of ^nalyt-cal methods guidelines f7].Both instru 

analyse shows that ft outperforms dissolution 
measurement systems employing filtering and 
!S2S? h sTheadva "tageshavean impact 
on the h.gh acqu.sition costs,though.The Rainbow 

Dynam.cD.ssolutionMonitor^istnussuitablefor 
routine dissolution analysis in pharmaceutical 
qualitycontrol. 

and 0 ^^^ 6 ' 6 " 9 * cor »t*™»*on method 
and the second derivative algorithm are suitable for 
momtoring dissolution.^ former is general 
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Scorerweightingfactorxmark. 'w^MarkO-shsystem approximation to criteria. 



Criterion 



Laboratory work 
Qualification burden 
Maintenance 
Analytical information 
GMP compliance 



Weighting 
_factorf%! 



Total 



15 
15 
15 
15 
40 



100 



JVIark 

3 
4 
3 
5 
5 



Rainbow 



20 



Score 


Conventional 
- Mark 


45 


3 


45 


60 


2 


30 


45 


2 


30 


75 


2 


30 


200 


5 


200 


425 


14 


335 
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Evaluation of the Rainbow Dynamic Dissolution Monitor™ 
Semi-automatic Fiber Optic Dissolution Tester 

Caspar Schatz, Michel Ulmschneider, Rolf Altermatt, Stephan Marrer 

Pharmaceutical Quality Assurance and Quality Control, F. Hoffinann-La Roche Ltd, Basel, 
Switzerland 

email : Caspar . schatz@ro che .com 
Summary 

The Rainbow Dynamic Dissolution Monitor™ (Delphian Technology LP, Ardsley, USA) is a simple 
and convenient UV absorbance technique for acquiring precise, accurate, reproducible and robust 
dissolution profiles of drug formulations containing a single active ingredient. The instrument and its 
software are GMP compliant. Benefit analysis shows that it has significant advantages for dissolution 
over systems using filtering and flow -through cells. The Rainbow Dynamic Dissolution Monitor™ is 
thus suitable for routine dissolution analysis in pharmaceutical quality control. 

Introduction 



A he Rainbow Dynamic Dissolution Monitor™ uses 12 fiber optic immersion probes residing in 

vessels of two dissolution baths throughout the dissolution test. Two deuterium lamps are used as a 
light source. After interacting with the sample, the light is guided to a series of 12 photo diode array 
ultraviolet monolithic miniature spectrometers (UV MMS, Carl Zeiss, Jena, Germany) [1] which 
measure from 200 to 400 nm with an absolute wavelength accuracy of 0.2 nm and a temperature drift 
less than 0.005 nm/K. The spectral pixel spacing is 0.8 nm, giving a Rayleigh resolution of about 3 
nm. Stray light measured at 240 nm using a deuterium lamp and potassium iodide solution (10 g/1) is 
0.3 % [2]. Each spectrometer unit and its probe are referred to as a channel. 

Before performing a dissolution run the system collects 0% and 100 % transmission blanks and 
standard absorbance scans per channel. Hence the amount of dissolved active compound is 
determined with a single point calibration. To eliminate standard preparation errors, a second quality 
control standard is measured for control purposes only. During a run, the system can acquire 
absorbance scans every 10 seconds. The software incorporates two methods to correct for turbidity 
and scattering effects. The first method uses two wavelengths: one to determine the active compound, 
the other to act as a compensation wavelength. The second method is based on a second derivative 
algorithm using a wavelength range [1]. It uses a very simple algorithm to estimate the second 
derivative and a form of co-addition of several wavelengths to improve the signal to noise ratio. 

Experimental 

All the experiments were performed using the Rainbow Dynamic Dissolution Monitor™ with 10 mm 
pathlength Hellma ultra mini-immersion probes, (type 661.673-UV, Hellma GmbH & Co., 

1 of 12 11/18/03 9:19 AM 




DT Nov 2000 Article 2 



http://www.dissolutiontech.com/DTresour/1100ART/Nov00Art2.html 



Mullheim/Baden, Germany) to acquire UV measurements. Only six channels/probes were evaluated, 
always using one scan per measurement in each case. 

System suitability 

Suitability was assessed in terms of fiber optic unit transmission and the linear range of the 
spectroscopic assembly. 

Transmission 

The relative energy of 100% transmission spectra of artificial intestinal fluid pH 7.5 (reference 
Anticoagulant Tablets Section, page 10, for fluid composition) was plotted against wavelength as a 
measure of channel and probe transmission 

Linear range 

The linear range of all six evaluated channels was tested using a dilution series of potassium 
dichromate (spectroscopy grade, Fluka Chemie AG, Buchs, Switzerland) in 0.01 N sulphuric acid [3]. 
A stock solution was diluted to concentrations giving absorbance values ranging from 0.2 to 2.0. 
Based on the absorbance spectrum of potassium dichromate in 0.01 N sulphuric acid, absorbance was 
measured at 258 nm. 

A correlation coefficient was calculated using the absorbance values from the two weakest standard 
solutions; the same process was repeated for increasing strengths of standard solutions to determine 
the upper end of absorbance linearity (taken as 99.9% correlation with prediction). 

Anticoagulant tablets 

The Rainbow Dynamic Dissolution Monitor™ was evaluated using anticoagulant tablets containing 3 
mg of active compound, corn starch white, lactose powder, magnesium stearate, and talc. 

In routine dissolution analysis, the anticoagulant tablets are dissolved in 900 ml of artificial intestinal 
fluid pH 7.5 (comprised of 80.5g anhydrous dipotassium hydrogen phosphate and 15.6 g of potassium 
dihydrogen phosphate dihydrate in 10 liters ofdistilled water), stirred at 50 rpm in apparatus 2 [4]. The 
medium is degassed and heated to 37.0 ± 0.5 °C. The 20-minute Q value used for release analysis is 
75% [5]. 

Linearity of absorbance readings 

To identify a suitable detection wavelength, triplicate absorbance spectra were acquired of solutions 
equivalent to 25, 50, 75, 100, and 125% of active compound dissolved in artificial intestinal fluid pH 
7.5, with approximate concentrations of 0.00083, 0.00167, 0.00250, 0.00333, and 0.00417 mg/ml, 
respectively. The resulting correlation coefficient was plotted against wavelength. 

Linearity of compensation methods 

Based on the absorbance and second derivative spectrum of active compound in artificial intestinal 
fluid pH 7.5 determined in an earlier experiment, the linearity of three different turbidity 
compensation methods was investigated (Table 1). 



Table 1: Three different turbidity compensation methods. 



Method 



Type of spectrum 
used 



Wavelengths [nm] 
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1 


Absorbance 


3 1 0 (detection! 
350 (compensation) 






310 (detection) 


2 


Absorbance 


376 






(compensation) 


3 


Second derivative 


300 to 320 



All methods were evaluated in triplicate using 25, 50, 75, 100, and 125% solutions of active 
compound dissolved in artificial intestinal fluid pH 7.5 with approximate concentrations of 0.00083, 
0.00167, 0.00250, 0.00333, and 0.00417 mg/ml, respectively, and using clear medium as well as 
medium containing a concentration of placebo powder equivalent to one 130.0 mg tablet dissolved in 
900 ml artificial intestinal fluid pH 7.5. 

The validation of analytical methods (VoAM) program, version 3.0 [6], was used, with the following 
acceptance criteria [7, 8]: correlation coefficient > 0.99; y intercept within the 95% confidence 
interval of 2% of the reference x value (100% solution of active compound); precision, expressed as 
the standard deviation of relative repeatability (treating each set of triplicate data as one group), < 
2.00% assuming data and mean recovery between 98.00 and 102.00%. 

Comparison of turbidity compensation methods 

Six absorbance readings of active compound solution in artificial intestinal fluid pH 7.5 before and 
after addition of placebo powder were acquired in triplicate to compare the accuracy and efficacy of 
the three turbidity compensation methods, using 100% solutions of active compound (approximately 
0.00333 mg/ml). 

The VoAM 3.0 program [6] was used to determine statistical equivalence, with the following 
acceptance criterion: the 95% confidence interval of the mean of the test method had to lie entirely 
within 2.00% either side of the mean of the reference method. 

Robustness of the turbidity compensation methods 

Two absorbance measurements were acquired at 12 different positions (hence different bending radii) 
of the fiber optic immersion probes and cables to test the robustness of each compensation method 
with respect to obligatory movement by the fiber optic immersion probes during the performance of a 
dissolution run. This experiment was performed using artificial intestinal fluid pH 7.5 containing 
active compound at approximately 0.00417 mg/ml, equivalent to the extent of dissolution of 125%. 

Method comparison 

The two turbidity compensation wavelength methods were compared in dissolution runs using a 
dissolution bath (Distek Premiere 5100, Distek Inc., North Brunswick, USA) and three lots of 
anticoagulant tablets (six tablets per lot). Active compound release was quantified at 20 minutes using 
the two turbidity compensation methods and the corresponding reference methods. With the reference 
methods, a 20 ml aliquot was manually removed from each vessel and membrane-filtered (0.45 mm 
pore size, Gelman Acrodisc, product no. 4496, Pall Gelman Sciences, Ann Arbor, USA) [5]. Single 
point calibration was used for quantification on a diode array spectrometer (HP 8452 A, Agilent 
Technologies, Rockaway, USA) in combination with the same compensation wavelength used with 
the Rainbow Dynamic Dissolution Monitor™. 
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Equivalence was defined as a maximum deviation of ± 2.0% per tablet, with post-calculation 
rounding. 

Results 

System suitability 

Evidence for the suitability of fiber optic transmission and system linear range is given below. 
Transmission 

The plot of relative probe energy in artificial intestinal fluid pH 7.5 (Figure 1) shows values 
exceeding 30% from about 230 to 390 nm. Hence this wavelength range is suitable for measuring UV 
absorbance. 
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Figure 1 Plot of relative immersion probe energy in artificial intestinal fluid pH 7.5 against 
wavelength (nm) 

Linear range 

The spectrum of potassium dichromate in 0.01 N sulphuric acid shows an absorbance maximum at 
258 nm being used to evaluate linear range. Table 2 gives the upper limits of the linear ranges 
examined with potassium dichromate in 0.01 N sulphuric acid at 258 nm with all six probes 
(channels). 

Table 2: Upper end of linear range for all probes (channels). 





Upper limit of linear 


Probe 


range 




[absorbance units (AU)] 


1 


1.6 


2 


1.8 


3 


1.6 


4 


1.5 


5 


1.5 
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1.5 



Since probes 4 to 6 showed values of 1.5 AU, the linear range of the whole system also had to be set 
tol.5AU. 



Anticoagulant tablets 

Linearity of the absorbance readings 

Figure 2 plots the correlation coefficient against wavelength with active compound dissolved in 
artificial intestinal fluid pH 7.5 (25125% solutions, with approximate concentrations of 0.00083 
0.00417 mg/ml). The active compound absorbance spectrum in this figure indicates decreases in 
absorbance at 260 and 340 nm, arising from a decrease in system linearity owing to a decrease in 
system signal to noise ratio. The further slight decrease near 220 nm arises from the reduced energy 
available in the shortwave UV region. 
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Figure 2 Linearity experiment in triplicate (ac) with active compound at a concentration equivalent to 
100% dissolution in artificial intestinal fluid pH 7.5 (approximately 0.00333 mg/ml): plot of 
correlation coefficient against wavelength, incorporating the absorbance spectrum of active compound 

It is clear that the whole wavelength range from 220 to 340 nm is suitable for method development 
Linearity of turbidity compensation methods 

Figure 3 shows the UV absorbance spectrum of active compound and its estimate of the second 
derivative used in the Rainbow Dynamic Dissolution Monitor™ software. 

Based on the absorbance spectrum with a maximum at 310 nm, two turbidity compensation methods 
using the peak wavelength and compensation wavelengths of 350 and 376 nm respectively were 
chosen. The 300320 nm range was used in the case of the second derivative. 



5 of 12 



11/18/03 9:19 AM 



http://www.dissolutiontech.eom/DTresour/l 100ART/Nov00Art2.html 




Wavelength [nm] 



Figure 3 Absorbance spectrum of active compound at a concentration equivalent to 100% dissolution 
in artificial intestinal fluid pH 7.5, co-plotted with its estimate for the second derivative used in the 
Rainbow Dynamic Dissolution Monitor 1 

Table 3 gives the relevant statistical parameters for validating the three methods using clear as well as 
placebo-spiked solutions. 



Method 1 (310 and 350 nm): clear solutions 


Parameter 


Probe 1 


Probe 2 


Probe 3 


Probe 4 


Probe 5 


Probe 
6 


r 


0.99999 


0.99999 


0.99999 


0.99994 


0.99977 


0.99997 


SDrel [%] 


0.15 


0.13 


0.15 


0.14 


0.16 


0.12 


intercept 


+ 


+ 


+ 


+ 


+ 


+ 


recovery 
[%] 


100.16 


100.01 


100.13 


100.26 


101.03 


100.04 


Method 2 (310 and 376 nm): clear solutions 


Parameter 


Probe 1 


Probe 2 


Probe 3 


Probe 4 


Probe 5 


Probe 
6 


r 


0.99999 


0.99999 


0.99999 


0.99990 


0.99968 


0.99995 


SDrel [%] 


0.14 


0.13 


0.14 


0.15 


0.16 


0.13 


intercept 


+ 


+ 


+ 


+ 


+ 


+ 


recovery 

[%] 


100.12 


100.02 


99.88 


100.19 


101.29 


100.04 


Method 3 (derivative from 300 to 310 nm): clear solutions 


Parameter 


Probe 1 


Probe 2 


Probe 3 


Probe 4 


Probe 5 


Probe 
6 


r 


0.99998 


0.99992 


0.99997 


0.99996 


0.99930 


0.99997 


SDrel [%] 


0.22 


0.23 


0.25 


0.26 


0.26 


0.22 
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intercept 


+ 


+ 


+ 


+ 


+ 


+ 


recovery 
[%] 


101.45 


101.26 


101.39 


101.62 


101.18 


101.16 


Method 1 (310 and 350 nm): placebo-spiked, turbid solutions 


Parameter 


Probe 1* 


Probe 2 


Probe 3 


Probe 4* 


Probe 5 


Probe 
6 


r 


0.99846 


0.99879 


0.99989 


0.8973 


0.99965 


0.99983 


SDrel [%] 


0.58 


0.35 


0.21 


0.28 


0.16 


0.23 


intercept 


+ 


+ 


+ 




+ 


+ 


recovery 

[%] 


98.34 


100.82 


99.88 


99.63 


100.34 


99.90 


Method 2 (310 and 376 nm): placebo-spiked, turbid solutions 


Parameter 


Probe 1* 


Probe 2 


Probe 3 


Probe 4* 


Probe 5 


Probe 
6 


r 


0.99673 


0.99858 


0.99985 


0.98045 


0.99938 


0.99978 


SDrel [%] 


0.71 


0.41 


0.28 


0.34 


0.16 


0.24 


intercept 




+ 


+ 




+ 


+ 


recovery 
[%] 


96.93 


100.67 


99.51 


99.17 


99.99 


99.47 


Method 3 (derivative from 300 to 310 nm): placebo-spiked, turbid 

solutions 


Parameter 


Probe 1* 


Probe 2 


Probe 3 


Probe 4* 


Probe 5 


Probe 
6 


r 


0.99972 


0.99966 


0.99970 


0.99847 


0.99927 


0.99988 


SDrel [%] 


0.49 


0.49 


0.42 


0.37 


0.38 


0.26 


intercept 


+ 


+ 


+ 


+ 


+ 


+ 


recovery 

[%] 


100.79 


100.04 


100.84 


101.03 


100.89 


100.47 



In the case of the clear solutions all parameters were inside the acceptance limits. There were no 
significant differences (p = 95%) in method validation. However, correlation coefficients were clearly 
lower, and standard deviations of relative repeatability and recovery rates clearly higher, with the 
second derivative method (Method 3) than with either compensation wavelength method (Methods 1 
and 2). Therefore it can be concluded that the second derivative algorithm is less accurate and less 
precise than either wavelength method when examining clear solutions. 

When performing the same method validation experiments with placebo-spiked solutions, there were 
air bubbles in the measurement compartments of probes 1 and 4 in at least one of the triplicate 
measurements. As can be seen in Figure 4, in contrast to the wavelength-independent baseline offset 
caused by tablet excipients, air bubbles have a wavelength-dependent impact on the baseline owing to 
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the wavelength dependency of refraction and diffraction. This explains why in Method 1, where the 
compensation wavelength approximates to the analytical wavelength, only probe 4 failed the 
validation acceptance limits; in Method 2, on the other hand, where the compensation wavelength is 
further from the analytical wavelength, probes 1 and 4 failed the acceptance criteria. Since the second 
derivative algorithm corrected for sloping baseline offsets, all probes met the acceptance criteria, 
making this the most robust method. Although there were no significant differences (p = 95%) in 
method validation, the second derivative algorithm tended to have a slightly higher standard deviation 
of relative repeatability. 
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Figure 4 Probe 4: Absorbance spectra of measure 2 per triplicate (Methods 13) at a concentration 
equivalent to 75% dissolution (approximately 0.0025 mg/ml), comparing the wavelength-dependent 
baseline offset caused by air bubbles in the measuring compartment (Expts. 2 & 3) vs the air 
bubble-free spectrum (Expt. 1) which shows only the wavelength-independent offset caused by 
excipient turbidity. 

Based on the validation acceptance criteria for method equivalence there were no significant 
differences (p = 95%) between the methods used for turbidity compensation. But as can be seen from 
Figure 5, which shows the mean concentrations of six measurements with their standard deviations as 
error bars for the three methods before and after addition of placebo powder, the two-wavelength 
compensation methods (methods 1 and 2) have a smaller standard deviation than the second derivative 
method (method 3) and show less probe to probe variation. Hence methods 1 and 2 are more rugged 
from this standpoint. 
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0.00340 
0.00338 



0.00336 




Probe 1 Probe 2 Probe 3 Probe 4 Probe 5 Probe 6 



| □ 350 clear 350 turbid B 376 dear 376 turbid c deriv. dear deriv. turbid | 



Figure 5 Concentrations measured using the three methods before and after addition of placebo 
powder (means of six measures). Error bars: 2 SD. 

Since concentrations are higher before than after the addition of placebo powder, all three turbidity 
compensation methods overcompensate. Although the differences are not significant (p = 95%) for 
method validation, the differences between clear and turbid solutions are smallest when using the 
two-wavelength method with a compensation wavelength approximating to the analytical wavelength. 
Hence method 1 is most suitable in terms of the accuracy of turbidity correction. 
Robustness of turbidity compensation methods 

Table 4 shows that the method to method difference, expressed as the relative SD, was not significant 
(p = 95%) in method validation. All three methods are therefore equivalent in terms of the robustness 
of moving fiber optic probes. 

Table 4 Relative standard deviations (SDrel) of two measurements in 12 positions per method 



Method 1 (310 and 350 nm) 




Probe 1 


Probe 2 


Probe 3 


Probe 4 


Probe 5 


Probe 6 


SDrel [%] 


0.16 


0.14 


0.11 


0.08 


0.09 


0.08 


Method 2 (310 and 376 nm) 




Probe 1 


Probe 2 


Probe 3 


Probe 4 


Probe 5 


Probe 6 


SDrel [%] 


0.20 


0.19 


0.14 


0.10 


0.11 


0.10 


Method 3 (2nd derivative from 300 to 310 nm) 




Probe 1 


Probe 2 


Probe 3 


Probe 4 


Probe 5 


Probe 6 


SDrel [%] 


0.14 


0.16 


0.16 


0.12 


0.11 


0.16 



Method comparison 
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Every dosage form met the acceptance criteria using method 1 and 2 (Table 5). Both methods give 
accurate results on the Rainbow Dynamic Dissolution Monitor™. 

Table 5 Amounts (%) of dissolved active compound using methods 1 and 2. With the Hewlett-Packard 
spectrometer, sample absorbances were measured after filtration. Some calculated differences do not 
quite match the percentages in the results column due to the calculation being performed before 
rounding. 



Lotl 


Method 1 (310 and 350 nm) 


Method 2 (310 and 376 nm) 


Tablet 


HP 


Rainbow 


Difference 


HP 


Rainbow 


Difference 


1 


98.6 


97.7 


-0.9 


98.4 


98.4 


-0.1 


2 


100.3 


98.5 


-1.8 


100.4 


99.0 


-1.4 


3 


98.9 


97.3 


-1.6 


98.9 


97.9 


-1.0 


4 


101.0 


99.0 


-1.9 


100.6 


99.0 


-1.6 


5 


99.3 


97.6 


-1.8 


99.0 


97.6 


-1.4 


6 


94.9 


95.8 


-0.9 


95.5 


94.9 


-0.7 


Lot 2 


Method 1 (310 and 350 nm) 


Method 2 (310 and 376 nm) 


Tablet 


HP 


Rainbow 


Difference 


HP 


Rainbow 


Difference 


1 


95.6 


96.0 


0.4 


95.7 


96.0 


0.2 


2 


95.6 


94.3 


-1.3 


95.6 


94.3 


-1.3 


3 


95.8 


94.4 


-1.4 


95.9 


94.4 


-1.5 


4 


99.0 


97.7 


-1.3 


99.0 


97.7 


-1.4 


5 


100.2 


98.7 


-1.5 


99.8 


98.7 


-1.1 


6 


101.7 


99.8 


-1.9 


101.4 


99.8 


-1.5 


Lot 3 


Method 1 (310 and 350 nm) 


Method 2 (310 and 376 nm) 


Tablet 


HP 


Rainbow 


Difference 


HP 


Rainbow 


Difference 


1 


96.2 


95.3 


-0.8 


96.4 


96.1 


-0.3 


2 


101.5 


99.6 


-1.9 


101.9 


100.0 


-1.9 


3 


99.7 


98.0 


-1.7 


99.7 


98.3 


-1.4 


4 


98.4 


97.1 


-1.3 


98.6 


97.5 


-1.1 


5 


100.6 


98.7 


-1.9 


100.9 


98.9 


-2.0 


6 


98.9 


98.4 


-0.5 


100.1 


98.9 


-1.2 



Benefit analysis 

Table 6 presents the results of a benefit analysis comparing the Rainbow Dynamic Dissolution 
Monitor™ with a conventional system using filtration and flow-through cuvettes to determine the 
amount of dissolved active compound, in terms of the following parameters: laboratory work, 
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validation burden, maintenance, analytical information and GMP compliance.The total scores show 
that the Rainbow Dynamic Dissolution Monitor™ outperforms a semi-automatic filtering and 
flow-through cuvette measurement on-line system without loss of GMP compliance. 

Table 6 Benefit analysis: Rainbow Dynamic Dissolution MonitorO vs a conventional online system, in 
terms of criteria ranked using a weighting factor (0-100%). Mark (1-5): system approximation to 
criteria. Score: weighting factor x mark. 



Criterion 


Weighting 


Rainbow 


Conventional 




r» a r ft/ | 

factor [%] 


Mark 


Score 


Mark 


Score 


Laboratory work 


15 


3 


45 


3 


45 


Qualification 
burden 


15 , 


4 


60 


2 


30 


Maintenance 


15 


3 


45 


2 


30 


Analytical 
information 


15 


5 


75 


2 


30 


GMP compliance 


40 


5 


200 


5 


200 


Total 


100 


20 


425 


14 


335 



Laboratory work 

Laboratory workload, in terms of preparing the bath and standards, is similar with both systems. 
During operation, no more hardware problems are to be expected with the Rainbow Dynamic 
Dissolution Monitor™ than with the conventional system since the fiber optic immersion probes and 
related mechanics are quite robust [9]. 

Qualification burden 

Since the Rainbow Dynamic Dissolution Monitor™ incorporates no filtration facility or liquid pump, 
there is less equipment to qualify. The UV detectors are also simpler to qualify than spectrometers 
used for UV/VIS precision measurements [10]. 

Maintenance 

The Rainbow Dynamic Dissolution Monitor™ is easier to maintain and less labor- intensive due to 
the elimination of sample removal and filtration. 

Analytical information 

The Rainbow Dynamic Dissolution Monitor™ can supply a data point every 10 seconds, giving 
dissolution profiles containing a lot of information. It also eliminates problems due to dead volume, 
time differences between sampling and measuring, and filter clogging, leading to greater accuracy. 

GMP compliance 

Both systems are GMP compliant. 
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Conclusions 

The analytical results confirm that the Rainbow Dynamic Dissolution Monitor™ can be used to 
measure dissolution by methods which meet the acceptance criteria for linearity, accuracy, precision, 
and reproducibility stipulated in current validation of analytical methods guidelines [7]. Both 
instrument and software are GMP compliant. Benefit analysis shows that it outperforms dissolution 
measurement systems employing filtering and flow-through cells. The advantages have an impact on 
the high acquisition costs, though. The Rainbow Dynamic Dissolution Monitor™ is thus suitable for 
routine dissolution analysis in pharmaceutical quality control. 

Both the two-wavelength compensation method and the second derivative algorithm are suitable for 
monitoring dissolution. The former is generally more precise and accurate, especially for 
non-disintegrating formulations where the medium stays clear. For formulations giving a background 
resulting in a sloping offset, the second derivative algorithm is preferable, as also when there are air 
bubble problems. 

References 

[1] Bynum K, Kraft E, Pocreva J, Ciurczak E, Palermo P, In Situ Dissolution Testing Using a Fiber 
Optic Probe Dissolution System, Dissolution Technologies, 6 (4) 810 (1999) 
[2] Product information: MMS UV Monolithic Miniature Spectrometer, Carl Zeiss, OEM 
Spekralsensorik, Jena 

[3] European Pharmacopoeia, 3rd ed., Council of Europe, Strasbourg, Absorbance Spectrometry, 
Ultraviolet and Visible, 28-29 (1997) 

[4] USP 24 NF 19, United States Pharmacopeial Convention, Inc., Rockville MD, Dissolution, 
1941-1943 (1999) 

[5] Pharma Switzerland, Quality Assurance and Quality Control, Analysis Instruction for 
Anticoagulant Tablets, F. Hoffmann-La Roche Ltd, Basel (2000) 

[6] VoAM 3.0, Program for Validation of Analytical Methods, F. Hoffmann-La Roche Ltd, Basel 
(1999) 

[7] Pharma Switzerland, Quality Assurance and Quality Control, Guideline for Validation of 
Analytical Methods, F. Hoffmann-La Roche Ltd, Basel (1998) 

[8] International Conference on Harmonization, Validation of Analytical Procedures: Methodology, 
ICH Harmonised Tripartite Guideline Q2B (1995) 

[9] Schatz C, Ulmschneider M, Altermatt R, Marrer S, Altorfer H, Manual In Situ Fiber Optic 
Dissolution Analysis in Quality Control, Dissolution Technologies, 7 (2) 6-13 (2000) 
[10] Pharma Switzerland, Quality Assurance and Quality Control, SOP for Testing and Maintenance 
of UV/VIS Precision Spectrophotometers, F. Hoffmann-La Roche Ltd, Basel (1999) 



12 of 12 



11/18/03 9:19 AM 



//•WWUA vaW&w»V. cor* I .VaK/^rKvajA/ct^cs/p^ctuti^ /spec <t/ua// 




Cary and VanKel have 
combined forces to provide 
one of the most innovative 
and flexible Tablet 
Dissolution systems on the market. 
With over 50 years experience in UV-Vis 
spectrometry, Varian is a leader in the 
field. VanKel is in a similar situation 
in the Dissolution tester market, so it 
makes sense to combine a Cary 
spectrophotometer with the VanKel 
Dissolution tester to form a complete 
Tablet Dissolution system. 



To make up the system, 
Varian provides a Cary 
UV-Vis spectrophotometer, 
all the required 
spectrophotometer 
accessories, cuvettes and 
Tablet Dissolution software. 
VanKel supplies the 
Dissolution tester (s), water 
bath heater/circulator and 
the multichannel pump. 
The system can be set up 
with one or two Dissolution 
testers connected. 



Major software 
features 



• Easy to use 
Microsoft 32-bit 
Windows 95® 
compatible software 

• You can connect 
up to 2 baths 
simultaneously 

• You have the 
ability to swap 
between 2 different 
pathlength cells 

• Up to 3 time regions 
can be specified for 
varying data 
collection rates 

• Dissolution runs 
can be monitored for 
up to 12000 minutes 
(> 8 days) 

• Single standard 
and multi standard 
calibrations are 
supported 

• The user has up 

to 20 control limits to 
identify whether 
samples are out of 
pharmacopoeia 
specification, both 
graphically and in 
generated reports 




• The variability of 
the standard 
measurements can be 
monitored during the 
run. The system will 
warn the operator if 
limits are exceeded 

• Infinity 

measurements are 
supported by rotating 
the paddles/baskets 
at maximum speed 
for a user-specified 
time prior to taking 
the final readings 



• A diagnostics toot 
for checking the 
communication status 
of the hardware 

is included 

• You can perform 
weight correction 
calculations 

• Up to 100 Time 
points for reporting 
can be set up 

• Up to 100 
%Dissolved points for 
reporting can be set up 



Supports fully automated 
operation of up to 2 VK- 
7000 dissolution testers 




Both Basket and Paddle 
methods are supported. 

The 1 tester system 
supports up to 8 vessels 
for online measurement 
of Blank and Standard 
solutions. Each tester 
in a two-tester system 
supports 6 samples 
and either a Blank or 
a Standard. 



• Both online and 
offline reporting are 
supported 

• Audit trails are 
logged with all data, 
providing information 
about how the data 
was collected and/or 
calculated 

• Method parameters 
can be specified in 
either hours or 
minutes to cater 

for slow or fast 
dissolving samples 



• Data can be 
converted into ASCII 
format with or without 
an audit log 

• The Report 
generator uses ail the 
standard Windows 
95® text editing 
capabilities 

• You can choose to 
display %Dissolved vs 
Time, Absorbance vs 
Time and mg 
Dissolved vs Time 
graphics 



Automatic reversing 
of the pump at the end 
of each set of readings 
clears filters of any 
solids, preventing 
blockages. The pump 
stops for a user-defined 
period of time before 
readings are taken to 
allow bubbles to disperse. 



Fast rotation of 
paddies /baskets before 
collecting data disperses 
bubbles. Stir speed is 
controlled by the software 




Setting up a system with 
two different pathlengths 
relies upon the ability 
to reverse the beam mode 
of the Gary. 

Cells of one pathlength 
are placed in the front 
cell positions and cells 
of another pathlength are 
placed in the rear cell 
positions. The cells that 
are not being measured 
just become extra 
tubing length. 



What is included in the Cary Software? 

The Cary Tablet package is available 
for trie Cary 100 and 300 instruments, 
it packages the instrument with several 
software applications, including: 

Dissolution application: to perform your 
tablet dissolution measurements. 

Concentration application: to create 
multi standard calibrations for your 
dissolution runs. 

Validation application: to validate the 
performance of your spectrophotometer. 

GLP application: to set up different 
privileges for the users in your 
laboratory and comply with Good 
Laboratory Practice. 

Scanning application: to perform routine 
wavelength scanning measurements. 

Simple Reads application: to measure 
the photometric value of samples at 
fixed wavelengths. 

System Information application: to specify 
your company logo and information, 
as well as your hardware information 
(e.g. serial number, instrument model), 
for reporting purposes. 

Which dissolution method is used? 

The Cary Dissolution system uses the 
'Flow- through' method to measure 
samples in real time. Unlike HPLC 
methods, this offers excellent productivity 
and produces no organic: waste. 

The flow-through method has two major 
advantages over the multi-port UV-Vis 
dissolution method: 

• The multi-port method reduces the 
volume of each vessel with each 
measurement, creating the possibility 
of precipitation of the active ingredient, 
resulting in the inability to complete 
.the analysis. The flow-through method 
keeps the volume of the vessels constant 
throughout the entire run by recycling 
the solution back into the vessels. 




• The multi-port method uses one 
flow cell for all 6 samples, hence there 
is a high risk of cross contamination 
between samples. 

Also, since the multi-port method 
measures samples in sequence, this 
method cannot be used to analyse very 
fast dissolving samples. In comparison, 
the flow-through method allows 
each sample to be measured once 
every minute. 

The multi-port method does offer high 
sample throughput, by providing the 
ability to measure multiple testers during 
one run, however, with the release of 
the Cary VanKel two tester system you can 
have the best of both worlds - all the 
advantages of the flow- thro ugh method 
plus high productivity! 



You can display any of 
%Dissolved vs Time, 
Absorbance vs Time and 
mg Dissolved vs Time 
graphics for every 
dissolution run. 



You can specify up to 
3 regions in the run, each 
of which has a different 
data collection rate. 
This allows you to collect 
a lot of data when the 
absorbance is changing 
quickly and fewer data . 
points in the more stable 
parts of the dissolution. 



You can enter the 
individual tablet weights 
as well as the weight 
specified on the 
packaging for weight 
correction calculations. 
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Single or multi standard 
calibrations are 
supported, as well as a 
Standard Control Limits 
function lor identification 
of standard measurements 
which are outside the 
specified limits during a 
dissolution run. 



With a single tester 
system you can set up 
2 different pathlength 
cells and eliminate the 
need to change cells 
between runs ot high 
. and low absorption. 



. You can choose to 
pump solution just 
prior to a measurement, 
rather than continually 
pumping during the 
whole dissolution. 
This preserves tubing 
and pump lifetimes 



Why do I need Cary performance? 

You can measure highly absorbing samples 
without dilution: trie extended 
photometric range of the Cary instruments 
(the Cary 100 measures up to 3.7 Abs and 
the Cary 300 up to 5 Abs) allows you to 
measure high background samples that 
you would normally use HPLC to measure. 
It also means that you can set up your 
measurement and walk away, confident, 
that your samples will not be over-range 
when you return. 

You can accurately measure sustained- 
release tablets: the Cary instruments 
are so stable you can be assured that any 
change in absorbance is due to the 
sample, not instrument drift. 

Validation 

Varian's quality assurance program is 
certified to the ISO 9001 quality standard. 
Varian also offers a set of compliance tools 
and services to simplify the validation 
process and to assure that you obtain 
quality results: 

• The optional Validation documentation 
suite provides detailed information on the 
functional specification and development, 
process of the Cary system and application 
software. It also contains detailed 
documentation to assist your initial and 
on-going validation activities. 

• The Validate application, shipped 
as part of the Cary VanKel Dissolution 
package, provides automated testing of 
the Cary hardware. 

• A Declaration of Conformity ships 
with each instrument, confirming that 
the instrument complies with relevant 
European Directives. 

• System installation and qualification 
(optional) is performed at installation by 
a Varian-trained Service Representative. 

• Both Varian and VanKel offer 
Re-certification services which can 
become part of your on-going Validation 
program. A Varian or VanKel 
representative will come on-site to ensure 
that, your system is performing correctly. 
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GLP and method integrity 

A built-in Good Laboratory Practice (GLP) 
software package enables the laboratory 
administrator to specify different 
privileges to individuals and /or groups. 
For example your laboratory may consist 
of 2 groups of operators - Routine 
Operators and Kdethod Development 
Operators. The Method Development 
Operators may have privileges allowing 
them to create new methods or modify 
existing methods. Routine Operators may 
only be able to load methods. 

GLP and data integrity 

All collected data are automatically stored, 
during a dissolution run. The method and 
the report associated with the data are 
also stored with the data - in a single file. 
When data are retrieved, the method used 
to collect that data and the associated 
report are automatically retrieved ensuring 
that the operator can always track the 
way the data were collected. 



A series of built-in tests 
can be used to test the 
Cary4ablet dissolution 
tester interface, to ensure 
that communications are 
working properly. 

If any communication 
failure occurs during this 
test sequence, the system 
suggests actions to help 
correct the problem. 



How much of the 
system is automated? 

The Cary-VanKel Tablet 
Dissolution system 
offers a very high level 
of automation. Each step 
of a dissolution run 
is automated. 

You can set and forget 
your dissolution run and 
return to pick up the 
report without any 
intervention from you. 

Automatic sampling by 
the dissolution tester has 
the advantage of replacing 
time- consuming, tedious 
manual sampling as well 
as eliminating the errors 
commonly associated with 
manual sampling. 
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The reporting options 
are comprehensive and 
include GLP required 
information such as the 
operator name. 
The time and date are 
automatically added to 
the report. You can also 
automatically convert 
your data for use in other 
software programs 



Graphics like this can 
be included in a report, 
with each vessel being 
indicated by a different, 
color trace 



Result and diagnostic 
reports generated 
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A dissolution report can 
include your company 
logo and/or any other 
bitmap you like 
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